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ABSTRACT  
In this paper, we study the characteristics and physical properties of the 
young open cluster Pleiades using Near Infra-Red, JHK pass bands. Our 
results have been compared with those found in new optical UBV 
observations. The membership validity of some variable binary stars, which 
are Located in Taurus constellation, and their relation with Pleiades cluster 
have been achieved.  
 
1. INTRODUCTION 
Pleiades and Hyades are the most famous star clusters in Northern 
Hemisphere which can be seen by the naked eye in the constellation Taurus 
the bull. The star cluster surrounding Aldebaran (the eye of the bull) is the 
Hyades. Pleiades (NGC 1432; M45; Melotte 22; Seven Sisters) is more 
famous than Hyades because it is more compact cluster and easy seen, higher 
in the sky (~ 10 degrees from Aldebaran), see Fig 1. Pleiades is located at J 
(2000) α = 03h: 47m: 24s; δ = +24o: 07’: 12’’; G. long. = 166.642o and G. lat. 
= -23.457
o
. The distance to the Pleiades is an important first step in the so-
called cosmic distance ladder, a sequence of distance scales for the whole 
universe. The optical photometry catalogs of Webda and Dais refer to 
Pleiades as a rich young cluster located at 135-150 pcs away from Earth. In 
optically observations, Pleiades covers a diameter of about 110 arcmin on the 
sky; its core and tidal radii are about 33 and 330 arcmins respectively. The 
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cluster contains statistically over 1000 members, excluding unresolved 
binary stars. It is dominated by young, hot blue stars, which were formed 
within the last 135-150 million years. The dust that causes faint reflection 
nebulosity around the brightest stars is the remnants that left over from the 
very beginning, formation of the cluster; EB-V = 0.03 mag; see Fig 2. The 
total mass of the cluster is about 800 M

. On the other hand, it contains 
many brown dwarfs, about 25% of the star cluster, which are objects with 
less than about 8% of solar mass, i.e. not heavy enough for nuclear fusion 
reactions to start inside.  
 
 
 
 
 
 
 
 
Fig 1: The constellation Taurus. 
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Fig. 2: The open star cluster Pleiades (NGC 1432; M45/ Melotte 22 / Seven Sisters). 
                                      North is up, and East on the left. 
 
 
2. DATA EXTRACTION AND FIELD DECONTAMINATION 
Data extraction has been performed using the known tool of VizieR
1
. The 
number of stars in the direction of Pleiades within a radius of 90 arcmin in 
the range of 5 ≤ J ≤ 13 mag is found to be 2655 stars. Usually, field stars 
contaminate the CMDs of the cluster, particularly at faint magnitudes and red 
colors. In order to define the intrinsic CMDs of the cluster, we have to 
compare the CMDs of Pleiades with a nearby control field of the same area 
as the cluster. A control field is chosen at the same Galactic latitude, but with 
one degree away from the Galactic longitude of the cluster’s center. 
Comparing the CMDs of the cluster and its control field at a given 
magnitude and color range; the number of stars in the control field should be 
subtracted from that of the cluster. In this respect, for more accuracy, our 
                                                          
1
 http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=2MASS 
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data has been restricted to J, H, K<0.20 mag due to the observational 
uncertainties. Applying a cutoff of photometric completeness (J<13 mag) to 
both cluster and control field to avoid what is called over-sampling (Bonatto 
et al. 2004; Tadross 2008). 
3. PLEIADES’ DIAMETER ESTIMATION 
To determine the cluster’s minimum radius, core and tidal radii, the radial 
surface density of the stars should be constructed first. The tidal radius 
determination is made possible by the spatial coverage and uniformity of 
2MASS photometry, which allows one to obtain reliable data on the 
projected distribution of stars over extended regions around clusters (Bonatto 
et al. 2005). We found that the background contribution level corresponds to 
the average number of stars included in the comparison field sample is 0.93 
stars per arcmin
2
. Applying the empirical profile of King (1962), the 
cluster’s apparent radius turns out to be 70 arcmin, as shown in Fig 3.  
 
 
 
 
 
 
 
 
Fig 3: Radial distribution of the surface density of Pleiades (solid curve). The dashed line 
represents the fitting of King (1962) model. The arrow refers to the radius of the cluster (70 
arcmin). The shaded region shows the mean level of the comparison field density, taken to 
be 0.93 stars per arcmin
2
. 
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4. COLOR-MAGNITUDE DIAGRAM ANALYSIS 
Because the background field of Pleiades is very crowded and the cluster`s 
data is contaminated, the CMDs of Pleiades can be constructed with the stars 
inside radii of 1, 2, 3, etc., arcmin from the cluster center. Theoretical 
Padova isochrones of the solar metallicity (Z=0.019) with J, H, and KS colors 
of Bonatto et al. (2004) have been used in fitting to derive the cluster 
parameters. Simultaneous fittings were attempted on the J ~ (J-H) and KS ~ 
(J-KS) diagrams for the inner stars, at which they should be less 
contamination by the background field. If the number of stars were not 
enough for an accepted fitting, the next larger area would be included, and so 
on. In this respect, different isochrones of different ages have been applied 
on the CMDs of Pleiades, fitting the lower envelope of the points matching 
the main sequence stars, turn-off point, and red giant positions. The average 
age, reddening and distance modulus, within a ranging fitting error of about 
  0.10 mags, are determined. The data has been corrected for interstellar 
reddening using the coefficients ratios  
  
  
 = 0.276,  
  
  
 = 0.176 and  
   
  
 
=0.118 which were derived from absorption ratios in Schlegel et al. (1998), 
and Dutra et al. (2002) where Rv = 3.1. 
Fig 4 shows the CMDs of the Pleiades, with magnitude completeness limit 
and the color filter for the stars within the apparent cluster radius of 70 
arcmin. The membership criterion adopted here for inclusion of stars in 
CMDs that, they must be close to the cluster main sequence, deviating by no 
more than about 0.10 mags. On this basis, the fundamental photometric 
parameters of the cluster (reddening, apparent distance modulus, and age) 
can be determined simultaneously. 
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Fig 4: Padova solar isochrone (solid lines) with age of 150 Myr is fitted to the CMDs of 
Pleiades. Color and magnitude filters have been used in reducing the field star 
contamination of the cluster. The horizontal and vertical arrows refer to the values of 
distance modulus, and the color excess in each diagram, on the vertical and horizontal axes 
respectively. The scale of masses is presented on the right side of the figure, expressed in 
solar mass. 
 
The overall shape of CMDs is found to be well reproduced with isochrones’ 
of age of 150 Myr old. The apparent distance modulus is taken at 6.00±0.10 
mag, accordingly the distance modulus of 5.83±0.10 mag, which 
corresponds to a distance of about 147±8 pc is most acceptable. On the other 
hand, the color excess EJ−H is found to be 0.06±0.03 mag, which corresponds 
to EB−V of about 0.20 mags, which is in agreement with Schlegel, et al. 
(1998).  
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The number of stars in the region of Pleiades is about 400 stars, with a mean 
mass of 1.9 M

. Then the total mass of Pleiades is 760 M

. It is noted that 
the mass estimation for unresolved binaries and low mass stars is always 
problematic. Jaschek & Gomez (1970) claimed that approximately 50% of 
the main sequence stars might be hidden. According to this assumption, the 
total mass of Pleiades can be as large as 1000 M

. Knowing the cluster`s 
distance in parsecs, the linear diameter can be easily estimated to be 6 pc. 
Applying the equation of Jeffries et al. (2001), the tidal radius of Pleiades is 
found to be 15 pc. The present photometric JHK work have been compared 
with previous UBV studies, e.g. WEBDA
2
 and DIAS
3
 catalogs, the results 
can be seen in Table 1. 
 
5. THE VARIABLES IN TAURUS CONSTELLATION  
The constellation “Taurus” contains many types of variable stars, the 
position of those located in the same area of Pleiades have been counted and 
drawn on the face of the cluster, as shown in Fig 5. About 160 variables are 
found concentrated around the cluster center. The membership validity of 
those variables in the cluster area has been tested and expressed on the same 
CMDs of Pleiades, after applying the color and magnitude filters. 63 of them 
(~ 16% of the cluster’s stars) are found to lie very close to the cluster’s 
CMDs, and so their membership probability to Pleiades is photometrically 
verified, as shown in Fig 6. Table 2 contains the details of the 63 variable 
members in Pleiades. 
 
                                                          
2 http://obswww.unige.ch/webda 
 
3
 http://www.astro.iag.usp.br/_wilton/ 
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Table 1: Comparisons between the photometric parameters of the present JHK work and the previous        
UBV studies 
 
 
 
 
 
 
 
 
 
 
 
Where Z, Rgc, X and Y are the distance from galactic plane, the distance from the galactic 
center, and the projected distances on the galactic plane from the Sun, respectively.  
 
 
 
 
 
 
 
 
Tadross, A. L., Hanna, M. A., Awadalla, N. S. 
9 
 
 
 
Fig 5: The variable stars that located on the face of Pleiades. 
 
 
 
 
 
 
 
 
 
 
 
Fig 6: The membership validity of some variable stars in Pleiades’ area; lying in the same 
CMDs of the cluster.  
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Table 2: The photometric data which obtained for the 63 variables of Taurus and located in Pleiades. 
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Table 2: continued. 
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Table 2: continued. 
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